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Edited by Laszlo NagyAbstract In the present work, a new endopin-like serpin de-
signed mEndopin 1B was puriﬁed from bovine muscle. Biochem-
ical characterizations (amino acid sequencing and Maldi-Tof
mass spectrometry peptide mapping) demonstrated that the puri-
ﬁed protein is diﬀerent from the previously described Endopin 1,
renamed mEndopin 1A. The genes and cDNA of both endopins
were characterized. The cDNA sequence of mEndopin 1B en-
codes a predicted protein of 411 amino-acids with a molecular
mass of 43808 Da. The mEndopin 1B gene comprised four cod-
ing exons and an additional 5 0 untranslated exon. The reactive
site sequence of mEndopin 1B is somewhat diﬀerent from that
of mEndopin 1A. Nevertheless, both serpins have a similar pep-
tidase inhibitory pattern against examined proteases (elastase,
trypsin, plasmin and chymotrypsin). The high expression of both
mEndopin 1A and 1B in bovine serum and tissues and their high
eﬃciency to inhibit elastase (kass  106  107 M1 s1) sug-
gested that these serpins might play a major role in inﬂammatory
processes.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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It is now well recognized that endogenous inhibitors strictly
regulate the activity of mature cognate proteolytic enzymes
and are essential for cellular homeostasis. In this context, the
serine peptidase inhibitors (Serpins) form a widespread super
family of functionally diverse proteins which are essential reg-
ulators of a large variety of biological processes and are asso-
ciated with numerous familial disorders [1]. Most serpins are
inhibitory, although their peptidase targets are not restricted
to the serine peptidases. In particular, several serpins have*Corresponding author. Fax: +33 4 73 62 42 68.
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doi:10.1016/j.febslet.2006.04.099been found to inhibit papain-like cysteine peptidases. In addi-
tion to the inhibitory serpins, some members have evolved to
perform non-inhibitory roles [1].
Endopin 1 was ﬁrst identiﬁed at the cDNA level in bovine
endocrine chromaﬃn cells [2]. Recombinant Endopin 1 was
found to inhibit trypsin and the prohormone thiol protease
(PTP), a cysteine peptidase located in chromaﬃn cell secretory
vesicles. This serpin, renamed mEndopin 1A in this work, was
recently puriﬁed from bovine skeletal muscle. However, unlike
the recombinant protein, no inhibition was observed against
all cysteine peptidases of the papain family tested, including
papain and lysosomal cathepsins B, H and L [3].
Using a polyclonal antibody raised against the puriﬁed mus-
cle mEndopin 1, this serpin was found to be essentially intra-
cellular and widely distributed in bovine tissues and cells [3].
This suggested that the present serpin might have a central bio-
logical role in a large set of tissues and cells. Hence, it was
decided to get the gene sequence and to study its expression
in bovine tissues. This investigation allowed the identiﬁcation
of two closely related genes encoding endopin 1 and another
endopin 1-like serpin called mEndopin 1B which co-puriﬁed
with mEndopin 1A. In the present paper, we reported the char-
acterization of mEndopin 1A and mEndopin 1B genes and the
biochemical characterization of mEndopin 1B puriﬁed from
bovine muscle.2. Materials and methods
2.1. Puriﬁcation of mEndopin 1B from bovine muscle
Puriﬁcation of mEndopin 1B was carried out from a crude extract
prepared from bovine diaphragmamuscle obtained within 1 h post-exs-
anguinations [4]. The procedure comprise four to ﬁve chromatography
steps including Sephadex G-100 (pH 7.6), SP-Sepharose (pH 5.2),
Q-Sepharose (pH 8.0), SP-Sepharose (pH 4.48) and Fractogel EMD-
DEAE-650 (pH 6.0), this last step being performed only if the SP-Se-
pharose fraction still contained a few low Mr contaminants (see the
supplemental data for more detail).
2.2. Characterization of mEndopin 1B
Monitoring of the trypsin inhibitory activity in collected fractions,
enzyme titration, stoechiometry of the enzyme/inhibitor interaction,
measurement of the association rate constants, polyacrylamide gel
electrophoresis and Western blotting were performed as previously de-
scribed [3]. Maldi-Tof mass spectrometry peptide map of mEndopin
1B was performed by one of us (C.C.) as previously reported [3] at
the INRA proteomic platform (INRA Clermont-Theix).blished by Elsevier B.V. All rights reserved.
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Preparation of the antiserum and Western blot analysis were carried
out as previously described [5]. Since both endopins share high amino
acid sequence identity, the antibody raised against mEndopin 1A
cross-reacted with mEndopin 1B. For the revelation of mEndopin
1A and mEndopin 1B, the anti-mEndopin 1A antibody was used at
a dilution of 1/500.
2.4. Protein determination
Protein concentrations were measured according to the Bradford
method [6] with rabbit immunoglobulin as the standard.
2.5. Primers for cDNA and gene sequencing
All primers used in this work are reported in Table 1. The initial set
of primers, ENDO1S and ENDO2R, was designed with reference to
the cDNA sequence of bovine chromaﬃn cell Endopin 1 [2] (GenBank
Accession No. AF125526).
2.6. RNA isolation and cDNA synthesis
Total RNA was isolated from frozen bovine Diaphragm muscle ob-
tained within 1 h post-exsanguination from the local slaughterhouse of
the INRA Theix Research Center. Frozen tissue (300 mg aliquots) was
pulverized with a polytron (ULTRA-TURRAX T25 basic IKA-
WERKE), solubilized in 1.0 ml of TRIZOL reagent (Invitrogen,
USA), extracted with 0.2 ml chloroform, isoamylalcohol (49/1, v/v)
and incubated at room temperature for 5 min. The sample was then
centrifuged (12000 · g, 4 C, 15 min) and the resultant RNA present
in the aqueous phase was precipitated by isopropanol and resuspended
in 50 ll H2O.Table 1
Primers used in this study
Primer name Stranda Primer sequ
ENDO1S s 5 0-TGAGGG
ENDO2R a 5 0-AGGCCT
ENDO3R a 5 0-CCTGGT
ENDO4S s 5 0-CGGATC
ENDO5R a 5 0-CTAGGC
ENDO6S s 5 0-CCCGGC
ENDO7S s 5 0-CCCAGG
ENDO8S s 5 0-GGACAT
ENDO9S s 5 0-TGCCTC
ENDO10S s 5 0-TGAGGA
ENDO11S s 5 0-CTCTAA
ENDO12S s 5 0-GCAGAG
ENDO13S s 5 0-CACATT
ENDO14S s 5 0-CTGACC
ENDO15S s 5 0-GCTAAA
ENDO16S s 5 0-CATCTT
ENDO17S s 5 0-GTTCTC
ENDO18S s 5 0-ATGACT
ENDO19R a 5 0-CTGTTC
ENDO20R a 5 0-CTAGGA
ENDO21R a 5 0-GACTCA
ENDO22R a 5 0-AATAAT
ENDO23R a 5 0-GCAAGG
ENDO24R a 5 0-CTCCCA
ENDO25R a 5 0-GGTGGT
ENDO26R a 5 0-GGCTGT
ENDO27R a 5 0-GATGAC
NDO28R a 5 0-GAGGTT
ENDO29R a 5 0-GTGGAG
ENDO30R a 5 0-GTTTGG
ENDO31R a 5 0-GTTAAC
ENDO32R a 5 0-GTCTTC
NGSP1 a 5 0-TGCTTG
NGSP2 s 5 0-ATGAGG
Outer primer 5 0-GCTGATGGCGATGAATGAACACTG-30
Inner primer 5 0-CGCGGATCCGAACACTGCGTTTGCTGGCTTTGATG-30
aStrand refers to orientation of the primer in the sense (s) or antisense (a) d
bPrimers speciﬁc for the adapter sequence used in RLM-RACE experiments
cPosition of primers is given according to the nucleotide sequences numberiReverse transcription was performed in a total volume of 20 ll con-
taining 1 lg of Diaphragma muscle RNA treated with DNAse, 0.5 lg
oligo(dT) primer (Invitrogen, USA) and ﬁve units of SuperScript II
RNase H. Reverse Transcriptase (Invitrogen, USA) according to the
manufacturer’s instructions. The reaction was incubated for 50 min
at 42 C and 15 min at 72 C. cDNAs were stored at 20 C until
use. First strand cDNA synthesis was followed by PCR using 1 unit
of Upti Therm DNA polymerase, (Interchim, France) with ENDO1S
and ENDO2R primers (Table 1). Ampliﬁcation conditions were:
94 C for 4 min followed by 35 cycles (94 C for 30 s, 63 C for 30 s)
and 72 C for 40 s. The 477 bp RT-PCR product was sub-cloned into
the pEasy T-vector (Promega, Madison, WI, USA) and subjected to
automated DNA sequencing with ﬂuorescent-labelled dideoxynucleo-
tides and the ABI PRISM 310 Genetic Analyser (Applied Biosystems,
CA, USA).
2.7. 5 0 UTR cDNA cloning of bovine mEndopin 1A and 1B genes
To isolate the 5 0 UTR of bovine mEndopin 1B cDNA, we ﬁrst per-
formed SMART experiment with 1 lg of total RNA using the First-
Choice RLM-RACE Kit (Ambion, UK) according to the
manufacturer’s instructions. 5 0 UTR of mEndopin 1B transcript was
ampliﬁed by nested PCR with adaptor and consensus primers: EN-
DO3R/Outer Primer (RLM-RACE Kit) and NGSP1/Inner Primer
(RLM-RACE Kit) for the ﬁrst and second ampliﬁcations, respectively.
Two ll of the ﬁrst PCR was used for the second round of ampliﬁcation
with nested primers. First and second PCR ampliﬁcations were carried
out in 50 ll reaction volume containing 10 pmol of each primer, 2 ll of
50 mM MgCl2 and 5 ll of 10· working concentration PCR (Upti-
Therm DNA Polymerase, Interchim, France) in the following cycling
conditions: initial denaturation at 94 C for 3 min followed by 35ence Positionc
CAGAGAGAACTTCCTTC-30 1894
CAGAGGAGTACAGCAC-30 2370
GGATCTGTGTCTCCTGGA-30 2226
CATCTCCACCTCCCGCTC-30 1
TTCACTGGGGTTGGTGAC-30 7157
CAAGCTAACTGTCAG-30 476
GATCACAGTCTGGC-30 943
GGTAAGAAAGGAGC-30 1582
CCAGAGAATGTGGTG-30 1962
GCTGTTCAAGGACCTTTC-30 2450
GGTCACTCTGGAGTGG-30 3010
CCCTGGGTAGCCCTC-30 3536
CCTGTTGACTTCAC-30 4080
CCGGAGATGCTGACG-30 4576
TTCTCTGTCCTCATGGCAC-30 5121
TTCAAGCAGGTGTTC-30 5714
AGTTCCTGTTTGGTGCCTAG-3 0 6245
TGACCTGGCCCTTTC-30 6643
TACTTATTTGTCCTC-30 6844
TCACAGCACCAGGAC-30 6380
CCTGGGAGACTAC-3 0 5913
CCTCAACCACACCAGGCTCG-3 0 5420
TCATCGTGGTGGGC-30 4767
CCACGTGCCTCTGGGAA-30 4244
AGAAGATTAGAACACAG-30 3682
CACAGCATGAAGC-3 0 3175
ATCCTCCTCTGTAC-30 2631
GAACTTGAGGCCTTCCAG-30 2195
AGACTGGGCGCAG-3 0 1691
ACCATTTGTGAGTGC-30 1147
CATTTTCTTCCAAGAC-30 613
AGAGGACTCAGAAC-30 181
TAGAGGCTGAAGGCGAA-30 2062
AGGGCACGGAAGGTGTT-30 7001
RLM-RACEb
RLM-RACEb
irection.
.
ng (GenBank Accession No. AY911537).
Fig. 1. SDS–PAGE analysis of puriﬁed mEndopin 1B. (a) Compar-
ative migration of mEndopin 1B (lane 1) and mEndopin 1A (lane 2) on
SDS–PAGE with their respective molecular mass. Proteins were
revealed by coomassie blue staining. (b) SDS induced dimer formation
of puriﬁed mEndopin 1A (lane 1), mEndopin 1B (lane 3) and a mixture
of both serpins (lane 2) as revealed by Western blot using a polyclonal
antibody raised against mEndopin 1A.
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PCR) for 30 s, 72 C for 1 min) and 1 cycle (72 C, 7 min). PCR prod-
ucts were cloned into the pGEM-T Easy Vector (Promega, USA) and
sequenced.
2.8. Determination of the bovine Endopin 1A and 1B gene structures
A bovine genomic BAC Library (constructed at the LGBC, INRA,
Jouy-en-Josas, France) was screened by PCR using the primers EN-
DO1S and ENDO2R (Table 1). BAC DNA was prepared using a com-
mercial kit (Qiagen, Chatsworth, CA). To identify intron/exon
boundaries and to provide sequence of the introns, BAC DNA was
subjected to PCR with primers ENDO4S and ENDO5R (Table 1)
and the ampliﬁcation products were cloned using the pCR-XL-TOPO
vector (Invitrogen, USA) before sequencing. The complete sequence
was obtained in both strands using ENDO6S to ENDO18S and EN-
DO19R to ENDO32R primers (Table 1) and genomic organization
of the bovine mEndopin 1B gene was determined by alignments with
the cDNA sequence using the Sequencher 4.1.4 software (Gene
Codes Corporation, MI, USA).
Long-range PCR – Several gene fragments were ampliﬁed using the
Expand Long Template PCR System (Roche Diagnostics). The 50 ll
reaction template contained 15 pmol of each primer, 2.6 units of
DNA polymerase, 25 nmol of each dNTP, 50 ng of DNA and
2.25 mM MgCl2. Ampliﬁcations were performed using the following
cycling parameters: one cycle of denaturation at 94 C for 2 min, fol-
lowed by 10 cycles of 10 s at 94 C, 30 s at 61 C, 15 min at 68 C,
20 cycles of 10 s at 94 C, 30 s at 61 C, 15 min at 68 C, supplemented
with 20 s at each cycle, followed by extension at 68 C for 10 min.
2.9. Association rate constant determination and enzymes titration
Association rate constant determination and enzyme titration were
performed as previously described for mEndopin 1A [3]. As explained
with more details in Section 4, association rate constants determination
was carried out on the puriﬁed mEndopin 1B rather than on the
recombinant protein expressed in Escherichia coli.3. Results
3.1. Puriﬁcation and characterization of muscle endopin 1B
Puriﬁcation of mEndopin 1B from a crude muscle extract
was performed using four to ﬁve chromatography steps includ-
ing successively Sephadex G-100, SP-Sepharose (pH 5.2), Q-
Sepharose, SP-Sepharose (pH 4.48) and occasionally Fractogel
EMD-DEAE-650 (pH 6.0) (for more detail, see the supplemen-
tal data provided with this paper). In the last step, mEndopin
1A and 1B were fractionated from each other on the basis of
their slightly diﬀerent pI of 5.41 and 5.73, respectively, by
chromatography on a SP-Sepharose column pre-equilibrated
at pH 4.48. SDS–PAGE analysis revealed that mEndopin 1B
is highly puriﬁed (Fig. 1a, lane 1). Its apparent molecular mass
of 75 kDa is clearly higher than that of puriﬁed muscle End-
opin1A (Fig. 1a, lane 2). When analyzed by Western blot, both
mEndopin 1A and 1B are labelled by the polyclonal antibody
raised against the puriﬁed muscle endopin 1A suggesting large
protein sequence similarities between them (Fig. 1b). Increas-
ing amounts of either mEndopin 1A or mEndopin 1B loaded
on the gel showed bands with MW of about 140 and
150 kDa, respectively. Maldi-Tof mass spectrometry analysis
conﬁrmed that the revealed proteins correspond to dimers of
mEndopin 1A or mEndopin 1B (data not shown).
To determine the exact identity of the puriﬁed mEndopin1B,
a peptide ﬁnger print of the protein was performed. The results
showed a speciﬁc proﬁle diﬀerent from that of mEndopin1A
(Fig. 2a). On the basis of the total sequence of mEndopin 1B
(see below), examination of the predicted total peptides gener-
ated upon trypsin hydrolysis (about 30 peptides withMW > 500 Da), about 30% are common to both mEndopin
1A and 1B whereas the remaining are diﬀerent in term of mass
and sequence. Moreover, sequencing of the 14 N-terminal res-
idues (L25–V38, Fig. 3) and an internal peptide (S313–K327,
Fig. 3), generated by trypsin digestion of the protein, con-
ﬁrmed that the puriﬁed mEndopin 1B is a new endopin 1-like
protein. Therefore, it could be concluded that muscle cells con-
tained at least two structurally closely related endopin 1.
3.2. Isolation and molecular cloning of the cDNAs encoding
bovine mEndopins 1A and 1B
A partial cDNA of the mEndopin 1B was obtained from fro-
zen bovine muscles and ampliﬁed using sense ENDO1S and
antisense ENDO2R PCR primers (Table 1). Agarose gel elec-
trophoresis of the PCR products revealed only one DNA frag-
ment of 477 bp in Diaphragma, Rectus Abdominis and
Sternomandibularis muscles (data not shown). Subcloning of
the PCR fragments into the pEasy T-vector and sequencing re-
vealed two partial but clearly diﬀerent sequences. The ﬁrst se-
quence was similar to that previously identiﬁed in chromaﬃn
cells [2] and corresponds to the gene encoding mEndopin1A
(GenBank Accession No. AY911536). The second partial se-
quence shares 94.5% of identity with mEndopin 1A gene and
very likely corresponds to the gene encoding mEndopin 1B
(GenBank Accession No. AY911537). To get the full-length
bovine cDNA sequence, we ﬁrst designed two primers, EN-
DO3R and NGSP1 (Table 1), near the 5 0 end of the partial
cDNA sequence and identiﬁed a unique 5 0 SMART product
of 274 bp. Similar investigations were performed to identify
the 3 0 untranslated region using ENDO18S and NGSP2 prim-
ers. The entire 1236-bp ORF of the bovine mEndopin 1B gene,
ampliﬁed with ENDO4S and ENDO5R primers encodes a pre-
dicted protein of 411 residues and a calculated molecular mass
of 43.8 kDa (Fig. 4). The predicted protein sequence encoded
by mEndopin 1B gene fully matches with the two peptide se-
quences determined by partial protein sequencing of the puri-
ﬁed muscle mEndopin 1B. Moreover, the peptide ﬁnger print
of the puriﬁed protein, obtained by Maldi-Tof mass spectrom-
etry (Fig. 2b), matched with the mEndopin 1B sequence de-
duced from the isolated cDNA. We concluded that the
isolated cDNA sequence (GenBank Accession No.
AY911537) encodes the puriﬁed muscle Endopin 1B.
Fig. 2. Trypsin Maldi-Tof mass spectrometry peptide map of Endopin 1A and 1B. (a) Comparative peptide map proﬁle of mEndiopin 1A and
mEndopin 1B. Peptide amino-acid residue number in the mature mEndopin 1B sequence (see Fig. 3) corresponding to the major peaks of the proﬁle
are indicated in the table in the second column, the masses being depictured in the ﬁrst column. (b) mEndopin 1B Maldi-Tof mass spectrometry
peptides matching with the cDNA deduced sequence. The protein amino-acids sequence taken in reference corresponds to the mature mEndopin 1B
without the peptide signal. As the number of identiﬁed peptides varies from one analysis to another, this plot is the result of three independent
determinations carried out on the same sample. The maximum coverage of the mature mEndopin 1B sequence was 60% and the minimum 40%.
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identity at the nucleotide level and 92.7% at the amino acid le-
vel (Fig. 3). Five potential N-glycosylation sites are found inthe sequence of mEndopin 1B (N100,N180,N230,N264,N318)
suggesting that this protein could be a glycoprotein like many
other serpins [7]. The glycosylation state of the protein
Fig. 3. Primary sequence comparison of Endopin 1A and 1B and a fragment of a pituitary cDNA anti-chymotrypsin isoform. The primary sequence
deduced from the bovine muscular endopin 1B cDNA was aligned with the primary sequence deduced from the endopin 1 cDNA published by
Hwang et al. [2]. Bold white characters on black background correspond to mEndopin 1B amino acids diﬀering from endopin 1A. The reactive centre
loop is indicated by the box, with the predicted P1 residues (R) indicated by the asterisk. Arrows indicate potential N-glycosylation sites (Asn-Xaa-
Ser/Thr). Possible glycosylated asparagine (N) are boxed. The vertical line (in row 1) indicates the N-terminal ends of the puriﬁed mature proteins.
The underlined residues L25–V38 correspond to the N-terminal sequencing carried out on the two puriﬁed mEndopin 1A and 1B proteins and the
underlined residues S313–R327 correspond to the sequence of a trypsin generated peptide of the puriﬁed mEndopin 1A. Partial sequence of a CDNA
encoding a bovine Pituitary anti-chymotrypsin (Pit-ACT) isoform [8] was aligned with the C-terminal end of mEndopin 1A and 1B. In this sequence,
bold white characters on black background correspond to amino acids diﬀering from mEndopin 1B. Note that sequence comparison was performed
between mEndopin 1B and 1A, on the one hand, and between Pit-ACT and mEndopin 1B, on the other hand.
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for the puriﬁed protein by SDS–PAGE and gel ﬁltration
(75 kDa) as compared to that deduced from the amino-acid
sequence (43.8 kDa). Major diﬀerences between mEndopin 1A
and mEndopin 1B were found within the C-terminus loop con-
taining the reactive site P1–P 01 responsible for the serpin spec-
iﬁcity (Fig. 3). Potential reactive sites for both proteins were
identiﬁed by analogy with other serpins and with chromaﬃn
cells Endopin 1 [2]. With reference to the presumed P1 residue
(R374) in chromaﬃn cells Endopin 1, the corresponding partial
RSL sequences will be:
mEndopin 1A 359 EEGTEGAAATGI SME374RlowastTILRIIVRVNRPF387
mEndopin 1B 359 EEGTEGAAATGIGIE374RlowastTFLRIIVRVNRPF387
The superscript numbering of amino-acids corresponds to the
sequence of the 411 amino-acids precursor protein whereas the
stars indicate the presumed P1–P 01 scissile bonds. Note that
the reactive site sequence (–GIERTFL–) is identical to that re-
ported for a partial cDNA sequence of a Pituitary anti-chymo-
trypsin isoform (Fig. 3) [8]. However, the homology did not
exceed 94% when compared to the mEndopin 1B C-terminal
sequence, a value close to that found between mature mEnd-
opin 1A and 1B (93%). Hence, there are still uncertainties
about the identity between the Pituitary anti-chymotrypsin iso-
form and mEndopin 1B. The only one common feature is the
active site homology. By contrast, the partial sequence of the
adrenal medulla anti-chymotrypsin isoform showed a higher
homology with mEndopin 1A (98%), suggesting that this frag-
ment very likely corresponds to mEndopin 1A and not to
mEndopin 1B for which the homology was 88%.3.3. Molecular cloning and genomic organization of bovine
mEndopin 1A and 1B genes
Long range PCR analysis of bovine genomic BAC Library,
using the primers ENDO4S and ENDO5R (Table 1) corre-
sponding to the 5 0 and 3 0 ends of the mEndopin 1B cDNA se-
quence, revealed two fragments of about 8 and 7.1 kbp.
Subcloning of the longest ampliﬁed fragment into TOPO-XL
and sequencing in both strands, using several sense and anti-
sense primers, identiﬁed mEndopin 1A gene. The other frag-
ment of 7.1 kbp was also cloned and further analyzed. Se-
quence comparison gave 100% identity between the coding
region of this genomic DNA and mEndopin 1B cDNA. From
this comparison, we deduced that mEndopin 1B gene com-
prises ﬁve exons (E0–E4), ranging from 4334 to 627 bp in size.
The translation initiation codon ATG is located in exon 1, 4 bp
downstream of the exon–intron boundary, and the stop codon
TAG was found in exon 4 (Fig. 4a).
During this investigation, we also established the structure
of the gene encoding mEndopin 1A (GenBank Accession
No. AY911536). As mEndopin 1B, the mEndopin 1A gene
contains four translated exons (Exons 1–4) and one 5 0 untrans-
lated exon (Fig. 4b).3.4. Stoechiometry of trypsin and elastase inhibition by
mEndopin 1B
To assess the stoechiometry of the enzyme/inhibitor interac-
tion, trypsin (4 nM) and elastase (10 nM) were titrated with
mEndopin 1B in a total volume of 200 ll. As shown in
Fig. 5, complete trypsin inhibition was achieved for a mEnd-
opin 1B concentration of 4 nM (mean and S.D. for ﬁve
Fig. 4. Genomic organization of the Endopin 1B gene. (a) Nucleotide and amino acid sequences of mEndopin 1B. Bold type characters represent the
consensus sequences of donor and acceptor splice sites [13]. The size of each sequenced intron is indicated between brackets. (b) Schematic
representation of mEndopin 1B and 1A bovine cds. Exons, numbered from ‘‘E0’’ to ‘‘E4’’ are indicated by gray boxes, and intron sequences i1 to i4 by
a thin line.
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trypsin-Endopin 1B ratio. Total elastase inhibition was
achieved for a mEndopin 1B concentration of 10 nM (mean
and S.D. for ﬁve independent determinations: 10.04 ±
0.03 nM) suggesting a 1/1 elastase-Endopin 1B ratio. It was
therefore stated that inhibition of both elastase and trypsin
by mEndopin 1B occurs through an equimolar interaction.
3.5. Inhibitory pattern of mEndopin 1B against serine and
cysteine proteases
The inhibitory activity of the puriﬁed mEndopin 1B against
various serine and cysteine peptidases was determined (Table
2). No inhibitory activity was detected against all cysteine pep-
tidases tested including papain, cathepsin B and cathepsin L.
Amongst the set of serine peptidases selected and although
to various extent, only trypsin, plasmin, elastase and chymo-
trypsin were inhibited by mEndopin 1B. By contrast, activitiesof thrombin, urokinase, kallikrein, tissue plasminogen activa-
tor or cathepsin G were not aﬀected at all. According to the
experimentally determined association rate constants (kass),
bovine muscle endopin 1B is a strong inhibitor of human leu-
kocyte elastase (kass = 1.3 · 106 M1 s1) and trypsin (kass =
6.7 · 105 M1 s1) whereas plasmin (kass = 2.7 · 103 M1 s1)
and chymotrypsin (kass = 9 · 102 M1 s1) were only moder-
ately aﬀected.4. Discussion
Endopin 1, ﬁrst identiﬁed at the cDNA level in adrenal me-
dulla chromaﬃn cells [2], was recently puriﬁed from bovine
muscle [3]. Endopin1, renamed mEndopin 1A in this paper,
was shown to be more widely distributed in bovine tissues [3]
and cells than expected [2,9] suggesting a more general func-
Fig. 5. Stoichiometry of enzyme/inhibitor interaction. Inhibition
proﬁle by mEndopin 1B of trypsin (closed circles) and human
leukocyte neutrophil elastase (open circles). Regression straight lines
of the curves cross the x axis at 3.92 and 10.04 nM. These concen-
trations correspond to the amount of mEndopin 1B needed for a total
inhibition of trypsin (4 nM) and elastase (10 nM), respectively,
indicative of a 1/1 enzyme/inhibitor ratio. Abbreviations used: E0,
initial enzyme concentration in the mixture; I, concentration of
mEndopin 1B needed for a total inhibition of the target peptidases;
Vi and Vo, enzyme activity in the presence or in the absence of
mEndopin 1B, respectively.
C.H. Herrera-Mendez et al. / FEBS Letters 580 (2006) 3477–3484 3483tion common to most tissues. Here, we reported the puriﬁca-
tion of a new endopin 1 (mEndopin 1B) from bovine muscle,
and the characterization of the genes encoding mEndopin 1A
and mEndopin 1B.
The puriﬁcation procedure yielded a highly pure mEndopin
1B fraction. SDS–PAGE analysis shows only one band with an
estimated molecular mass of 75 kDa. This serpin also forms a
dimer of 150 kDa when the amount of protein loaded on the
gel was high enough. The proteins revealed at the apparent
molecular mass of 150 and 75 kDa clearly correspond to
mEndopin 1B as demonstrated using diﬀerent techniques
including Western blot, N-terminal sequencing which provide
the same sequence for the 14 N-terminal amino-acids and Mal-
di-Tof mass spectrometry. Serpins characteristically form
SDS-stable complexes with their target proteases, resulting
from interactions of the target protease with the reactive site
loop (RSL) domain of the serpin that mimics the protease
substrate cleavage site. Moreover, serpins typically form pseu-
do-irreversible complexes with their target serine proteases,
resulting in structural distortion and inactivation of the target
protease complexed with the serpin [1,3].
The cDNA encoding mEndopin 1A and mEndopin 1B were
isolated and the gene structures determined. The exon–intron
organization of the two genes are almost identical to that of
class 2 serpin genes [10], with four coding exons and oneTable 2
Association rate constant for inhibited serine proteases and cysteine peptida
Peptidases tested Class kass (M
1 s1) P
Trypsin SPa 6.7 · 105 K
Chymotrypsin SP 9.0 · 102 U
Plasmin SP 2.7 · 103 P
Elastase SP 1.3 · 106 P
Cathepsin G SP NIa C
Thrombin SP NI C
aNI, no inhibition; SP, serine proteinase; CP, cysteine proteinase.untranslated exon. The predicted proteins encoded by the
cDNA sequences are very similar. Consequently, and as ex-
pected, antibodies raised against mEndopin 1A also reveal
mEndopin 1B and its dimers.
As compared to mEndopin 1A, mEndopin 1B polypeptide
backbone exhibited the same number of amino-acid (411 resi-
dues) but a slightly higher theoretical molecular mass of
43.8 kDa versus 43.6 kDa for mEndopin 1A. As assessed by
SDS–PAGE, the apparent molecular mass of the mature pro-
teins was 75 kDa (mEndopin1B) and 70 kDa (mEndopin 1A)
suggesting that these two proteins are diﬀerently glycosylated.
Four potential N-Glycosylation sites (Asn100,180,230,264) are
common to mEndopin 1A and mEndopin 1B. However, an
additional N-glycosylation site (Asn318) is present in mEnd-
opin 1B and could account for the slightly higher molecular
mass of the mature mEndopin 1B.
Although the sequence identity between both muscle endo-
pins is close to 93% the major diﬀerences were found within
the RSL, where the active site sequence is 371SMER*TI for
mEndopin 1A and 371GIER*TF for mEndopin 1B. By analogy
with mEndopin 1A, 374Arg (residue followed by a star in both
sequences) might be the potential P1 amino-acid for both
mEndopin 1A and mEndopin 1B. As previously noticed, the
recombinant Endopin 1A, expressed in E. coli [2], exhibited
diﬀerent peptidase speciﬁcities compared to the puriﬁed mEnd-
opin 1A [3]. This discrepancy may rise from the diﬀerence in
glycosylation state between the recombinant and the puriﬁed
Endopin 1. Hence, all inhibitory properties of mEndopin 1B
were performed on the serpin puriﬁed from bovine muscle
rather than on the recombinant protein expressed in E. coli.
The inhibitory pattern of puriﬁed mEndopin 1B against var-
ious cysteine peptidases of the papain family and several serine
peptidases are comparable to those of mEndopin 1A [3]. The
diﬀerences in both mEndopin 1 sequences, particularly in the
presumed active site, did not reveal major diﬀerences in their
enzyme speciﬁcity.
Using various peptidases of the papain family, muscle Endo-
pins 1A [3] and 1B did not show cross-class inhibition. The ma-
jor reason is probably that the potential target cysteine
peptidases, if there are any, are not assayed in the present study.
Investigations with other cysteine peptidases including the pro-
hormone thiol protease (PTP), a potential target enzyme for
endopin 1 [2], are going on. Regarding PTP the Ki value deter-
mined as in [11] by curve ﬁtting of the reported data [9] was
2 lM. This unexpectedly highKi is about 100–1000-fold greater
than those generally observed for serpin/peptidase interactions
(nM range), suggesting that PTP is probably not a physiologi-
cal target enzyme for endopin 1. A similar conclusion can be
also pointed out for endopin 2 (Ki  0.7 lM). Although cathep-
sin L was found to be the potential target enzyme for one iso-
form of endopin 2 [12], nothing is known about endopin 1.ses tested in this study
eptidases tested Class kass (M
1 s1)
allikrein SP NI
rokinase SP NI
lasminogen activator SP NI
apain CPa NI
athepsin B CP NI
athepsin L CP NI
3484 C.H. Herrera-Mendez et al. / FEBS Letters 580 (2006) 3477–3484Their presence at high concentration in blood (1 mg/ml)
and their ability to strongly inhibit elastase led us to point
out that endopins 1A and 1B might play a role in the regula-
tion of various types of inﬂammation, a process in which elas-
tase is of crucial importance. Investigations are actually in
progress to better understand their possible function in inﬂam-
matory processes.
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